Following the exposure of a biofilm sample from a hydrothermal spring cave (Gell ert Hill, Budapest, Hungary) to gamma radiation, a strain designated T was isolated and studied by polyphasic taxonomic methods. The spherical-shaped cells stained Gram-negative, and were aerobic and non-motile. The pH range for growth was pH 6.0-9.0, with an optimum at pH 7.0. The temperature range for growth was 20-37 C, with an optimum at 28 C.
iron hydroxide precipitates can be characterized by a strong adsorption capacity of trace elements including radium (Ero }ss, 2010; Dobosy et al., 2016) . The source of elevated radon content of waters at the Gell ert Hill area can be explained by highly efficient radium absorption of the iron hydroxide precipitates, from which radon is formed by alpha decay .
The radioactive-environment adapted biofilm microbial communities developed on the Rudas-Török hydrothermal spring cave walls at Gell ert Hill (47.489 N 19 .046 E) and were examined by cultivation-based methods. For the isolation of the radiation-resistant bacterial strains, the red iron-rich biofilm samples were irradiated by gamma radiation at various doses (5, 10, 15 kGy) using NORATOM equipment with a 60 Co source. In this study, we determined the taxonomic position of strain T isolated from a biofilm sample irradiated with 15 kGy and describe it on the basis of a polyphasic approach. At the time of sampling (November 2014), the water of the Török spring had a temperature of 37.7
C, a pH of 6.65 and a conductivity of 1508 µS cm -1
. Strain T was isolated by the dilution-plating method on Sphaerotilus-Leptothrix agar plates with pH 7.0 after incubation at 28 C for 5 days. The SphaerotilusLeptothrix medium (DSMZ Medium 803) contained the following components (l In this study, the type strains Deinococcus hopiensis DSM 18049 T , Deinococcus aquaticus DSM 18376 T and Deinococcus aerophilus DSM 24869 T were used as reference strains for comparison of phenotypic properties of strain FeSTC15-38 T under the same laboratory conditions. Colony morphology of strain T was observed directly on SphaerotilusLeptothrix agar medium. The growth of the strain was tested on nutrient agar (DSMZ Medium 1), R2A (DSMZ Medium 830), glycerol-yeast extract-peptone (DSMZ Medium 1484) and TGY agar (DSMZ Medium 1496). Cell morphology of the isolate was examined under a Nikon light microscope at Â1000 magnification using cells grown for 72 h at 28 C on Sphaerotilus-Leptothrix agar. Electron microscopic investigation was carried out as indicated by Borsodi et al. (2003) using a JEM100CX II microscope (JEOL). The shape, size and arrangement of the cells were studied in Hucker's Gram-and Schaeffer and Fulton's spore-stained smears (Barrow & Feltham, 2003) .
Growth in the absence of oxygen was tested using Sphaerotilus-Leptothrix agar cultures incubated in an anaerobic chamber (10 % H 2 , 10 % CO 2 , 80 % N 2 ; Forma Scientific). The use of nitrate as terminal electron acceptor was tested anaerobically under the same conditions, but this time the Sphaerotilus-Leptothrix broth was supplemented with 10 mM KNO 3 . Motility was examined by phase-contrast microscopy in wetmount preparations and using deep semisolid SphaerotilusLeptothrix medium with 0.3 % (w/v) agar, respectively. The following physiological and biochemical tests were performed according to the methods of Barrow & Feltham (2003) : methyl-red and Barritt's Voges-Proskauer tests, nitrate reduction to nitrite or nitrogen, urease activity, Baird-Parker's phosphatase activity, production of hydrogen sulphide from cysteine and indole from tryptophan, and hydrolysis of casein, starch, gelatin, aesculin and Tween 80. Catalase activity was determined by bubble production with H 2 O 2 (3 %, v/v), and oxidase activity was tested using 1 % (w/v) tetramethyl-p-phenylenediamine oxalate. Acid production from D-glucose was checked by the OF test according to the method of Hugh & Leifson (1953) . Growth at various temperatures (4, 10, 20, 28, 37 and 45 C) was studied on Sphaerotilus-Leptothrix agar medium. Tolerance of different pH (3.0-11.0 in increments of 1 pH unit; the pH was adjusted prior to sterilization by adding 0.1 M HCl or 0.1 M NaOH) and salt concentrations of 0, 0.25, 0.5, 1, 1.5, 2.5, 5 and 10 % (w/v) added NaCl were investigated in Sphaerotilus-Leptothrix broth for 7 days at 28 C. , and 100 µl suspensions were pipetted to broths containing single carbon sources. Growth was examined visually for up to 7 days. Negative control broth cultures did not contain a carbon source. The API ZYM, API 20NE and API 50CH (bioM erieux) tests were used to determine enzyme activities and utilization of carbon sources according to the manufacturer's instructions. The API ZYM test was read after 5 h of incubation at 28 C and the other API tests were read after 24-48 h at 28 C.
To determine the survival rate after exposure to gamma radiation, cultures were grown at 28 C in SphaerotilusLeptothrix solid medium (FeSTC15-38 T ) and TGY solid medium to the early stationary phase. Deinococcus radiodurans DSM 20539
T and Escherichia coli ATCC 8739 cells growing on TGY medium were used as positive and negative control strains for the experiment. To measure the ionizing radiation resistance, the 48-72 h cultures of bacteria were suspended in 0.1 M potassium phosphate buffer (pH 7.0), and the OD values of suspensions (~10 7 cells ml À1 ) were adjusted using the Gram-negative standard of the BIOLOG system. The suspensions were divided into 2 ml aliquots and were exposed to different doses (1, 3, 6, 9, 12 and 15 kGy) of gamma radiation from a cobalt-60 source (NORATOM equipment) with a dose rate of 23.5228 Gy min À1 at room temperature. Survival was determined by plating serial dilutions of irradiated cultures in triplicate on Sphaerotilus-Leptothrix and TGY plates and incubating at 28 C, and the colonies were counted 3 and 5 days after plating. Relative survival was determined by comparing with unirradiated cultures. The decimal reduction dose (D 10 ), the dose required to reduce the cell number by 90 %, was calculated from the survival curve. The peptidoglycan of strain T was isolated and its structure was elucidated using published protocols (Schumann, 2011) . Isoprenoid quinones were extracted according to the method of Collins et al. (1977) from cells cultivated in glycerol-yeast extract-peptone medium at pH 7 for 72 h (Yamada & Komagata, 1972) , and the profile was analysed by HPLC (Shimadzu LC 20A) (Groth et al., 1997 T ) were involved in the fatty acid analyses. The strains showed similar growth characteristics, and sufficient cells of comparable physiological age could be harvested from the third streak quadrant of the plates after cultivation under the conditions given for strain T . Cellular fatty acids were analysed by gas chromatography using the Microbial Identification System (MIDI, Sherlock version 6.1; method, TSBA40; gas chromatograph, Agilent Technologies model 6890N) following the method of Stead et al. (1992) . Summed feature components were identified thereafter by GC/MS using a Singlequad 320 instrument (Varian). Electron impact mass spectra were recorded at ionization energy of 70 eV in a mass range of 50 to 500 m/z using a scan time of 0.5 s. For polar lipid analysis, the strain was cultivated on glycerol-yeast extract-peptone medium for 24 h. The lipids were extracted according to the method described by Minnikin et al. (1979) and identified by two-dimensional TLC (MERCK Silica gel 60 F 254 plates) (Embley & Wait, 1994) .
The DNA base composition of strain T was determined from bacterial cells disrupted by using a French press. After purification of the DNA on hydroxyapatite according to the procedure of Cashion et al. (1977) , the DNA was degraded to nucleosides using P1 nuclease and bovine intestinal mucosa alkaline phosphatase as described by Mesbah et al. (1989) . The nucleosides were separated by reverse-phase HPLC (Shimadzu LC 20A) by the methods described by Tamaoka & Komagata (1984) . The G+C content of the DNA was calculated from the ratio of deoxyguanosine to thymidine.
DNA from strain T was extracted by using the G-spin Total DNA Extraction kit (iNtRON Biotechnology) according to the manufacturer's instructions, and 16S rRNA genes were amplified by PCR with the universal bacterial primer pair of 27f (5¢-AGAGTTTGATCMTGGC TCAG-3¢) and 1492r (5¢-TACGGYTACCTTGTTACGAC TT-3¢). PCR products were purified and concentrated using with the PCRquick-spin PCR Purification kit (iNtRON Biotechnology). Cycle sequencing was performed using the Big Dye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems) according to the manufacturer's protocol and analysed in an Applied Biosystems model 3100 Genetic Analyzer (Applied Biosystems). The 16S rRNA gene sequence of strain T was aligned by using the BioEdit program (Hall, 1999) and ARB SILVA database (Quast et al., 2013) against sequences available from the NCBI GenBank database using a BLAST search (Altschul et al., 1997) and in the EzTaxon database . The alignment was used to calculate the distance matrix corrected by the Kimura 2-parameter model (Kimura, 1980) , and a phylogenetic dendrogram was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) . The phylogenetic tree was reconstructed with the software package MEGA version 6.0 (Tamura et al., 2013) . Bootstrap analysis was based on 1000 resamplings (Felsenstein, 1985 T was inactive in carbon source utilization tests of the API 50CH and API 20NE systems and also in those of classical methods (Tables S1-S3 , available in the online Supplementary Material).
The DNA G+C content of strain FeSTC15-38 T was 68.2 mol%. The predominant respiratory quinone detected in strain T was menaquinone MK-8. The major cellular fatty acids present in FeSTC15-38 T were iso-C 16 : 0 and C 16 : 1 !7c (Table 2 ) similar to the other related taxa but they differed in their ratios. The other fatty acids of strain T also differed strongly from those of its nearest phylogenetic neighbours: iso-C 16 : 1 H, anteiso-C 17 : 0 , C 17 : 1 !8c and iso-C 17 : 1 !9c were present in FeSTC15-38 T but were absent in strain D. hopiensis DSM 18049 T . Moreover, C 16 : 0 , iso-C 16 : 0 and C 16 : 1 !7c showed significant differences in their quantity between these strains. The polar lipid profile of strain T is presented in Fig. S1 . The polar lipid profile of strain T was similar to those of other species of the genus Deinococcus. Nevertheless, the phospholipids found for FeSTC15-38 T were not detected in D. aquaticus DSM 18376 T , and the aminophospholipid found for D. aerophilus DSM 24869
T was not detected in FeSTC15-38 T . The polar lipid profile contained three unknown phospholipids, seven unknown glycolipids, two unknown phosphoglycolipids and a polar lipid. The peptidoglycan of strain T was of the type A3b L-Orn-Gly 2-3 (type A21.1 according to www.peptidoglycan-types.info).
These chemotaxonomic characteristics distinguish strain T from its phylogenetically closest relative D. hopiensis DSM 18049
T and also from other species of the genus Deinococcus.
The novel isolate survived exposure to 15 kGy gamma radiation with a 3 log reduction in viability (Fig. 1) . From the D 10 values it was clear that the novel strain was significantly more sensitive to this stress (D 10 T demonstrated that although it belonged to the genus Deinococcus (Figs 2 and S2) , it represented a distinct lineage among the members of the genus. This was also confirmed by the bootstrap values in Fig. 2 .
In conclusion, strain FeSTC15-38 T grouped together with members of the genus Deinococcus, although its 16S rRNA gene sequence similarity is relatively low (94.1 %) with D. hopiensis and other members of genus Deinococcus. On the basis of the biochemical-physiological properties presented, the differences in their chemotaxonomic characteristics, resistance to gamma radiation and phylogenetic results, strain T represents a novel species within the genus Deinococcus with the proposed name Deinococcus budaensis sp. nov.
Description of Deinococcus budaensis sp. nov.
Deinococcus budaensis (bu.da.en¢sis, N.L. masc. adj. budaensis referring to a bacterium isolated from Buda Thermal Karst).
Cells are Gram-stain-negative, non-spore-forming, nonmotile and spherical (~1.0-1.8 µm in diameter). Examination of individual cells by transmission electron microscopy reveals that strain T forms spherical cells that occur singly and in pairs (Fig. S3) . Best growth is observed on Sphaerotilus-Leptothrix agar. It grows well on glycerol-yeast extract-peptone medium, weakly on R2A medium and TGY medium, but does not grow on nutrient medium. Colonies on Sphaerotilus-Leptothrix plates after 3 days of cultivation at 28 C are shining, pale pink, circular and 1-2 mm in diameter. The pH range for growth is pH 6.0-9.0, with an optimum at pH 7.0, and the temperature range for growth is 20-37 C, with an optimum at 28 C. It does not grow in the presence of NaCl (!1 % NaCl). No anaerobic growth occurs. Catalase-positive and oxidase-negative. Nitrate and nitrite are not reduced. Gelatin is degraded. Negative for oxidation-fermentation of D-glucose, phosphatase activity, Voges-Proskauer reaction, production of indole and H 2 S, and hydrolysis of starch, casein, aesculin, Tween 80 and urea. In the API 20NE test, cells are positive only for arginine dihydrolase and urease but negative for nitrate reduction, indole production, acid production from D-glucose, hydrolysis of aesculin, hydrolysis of gelatin, b-galactosidase and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, maltose, potassium gluconate, caproate, adipate, malate, trisodium citrate and phenylacetate. In the API ZYM test, cells are positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, b-glucuronidase and a-glucosidase but negative for lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase enzyme activities. However, no acid production is observed from the carbon sources in the API 50 CH test. The following carbon sources are not utilized as sole sources of carbon: sodium citrate, glycerol, sucrose, Drhamnose, inositol, D-glucose, lactose, D-xylose, L-arabinose, D-mannose, trehalose, D-ribose, L-glutamine, DLalanine and asparagine. Sodium pyruvate, sodium acetate, The type strain, FeSTC15-38 T (=NCAIM B.02630 T =DSM 101791 T ), was isolated from a biofilm from a hydrothermal spring cave (Gell ert Hill, Budapest, Hungary) after gamma irradiation of the biofilm sample. The DNA G+C content of the type strain is 68.2 mol%.
